Abdominal aortic aneurysm (AAA) is a complex inflammatory vascular disease. There are currently limited treatment options for AAA when surgery is inapplicable. Therefore, insights into molecular mechanisms underlying AAA pathogenesis may reveal therapeutic targets that could be manipulated pharmacologically or biologically to halt disease progression. Using an elastase-induced AAA mouse model, we previously established that the complement alternative pathway (AP) plays a critical role in the development of AAA. However, the mechanism by which complement AP is initiated remains undefined. The complement protein properdin, traditionally viewed as a positive regulator of the AP, may also initiate complement activation by binding directly to target surfaces. In this study, we sought to determine whether properdin serves as a focal point for the initiation of the AP complement activation in AAA. Using a properdin loss of function mutation in mice and a mutant form of the complement factor B protein that produces a stable, properdinfree AP C3 convertase, we show that properdin is required for the development of elastase-induced AAA in its primary role as a convertase stabilizer. Unexpectedly, we find that, in AAA, natural IgG antibodies direct AP-mediated complement activation. The absence of IgG abrogates C3 deposition in elastase-perfused aortic wall and protects animals from AAA development. We also determine that blockade of properdin activity prevents aneurysm formation. These results indicate that an innate immune response to self-antigens activates the complement system and initiates the inflammatory cascade in AAA. Moreover, the study suggests that properdintargeting strategies may halt aneurysmal growth.
Abdominal aortic aneurysm (AAA) is a complex inflammatory vascular disease. There are currently limited treatment options for AAA when surgery is inapplicable. Therefore, insights into molecular mechanisms underlying AAA pathogenesis may reveal therapeutic targets that could be manipulated pharmacologically or biologically to halt disease progression. Using an elastase-induced AAA mouse model, we previously established that the complement alternative pathway (AP) plays a critical role in the development of AAA. However, the mechanism by which complement AP is initiated remains undefined. The complement protein properdin, traditionally viewed as a positive regulator of the AP, may also initiate complement activation by binding directly to target surfaces. In this study, we sought to determine whether properdin serves as a focal point for the initiation of the AP complement activation in AAA. Using a properdin loss of function mutation in mice and a mutant form of the complement factor B protein that produces a stable, properdinfree AP C3 convertase, we show that properdin is required for the development of elastase-induced AAA in its primary role as a convertase stabilizer. Unexpectedly, we find that, in AAA, natural IgG antibodies direct AP-mediated complement activation. The absence of IgG abrogates C3 deposition in elastase-perfused aortic wall and protects animals from AAA development. We also determine that blockade of properdin activity prevents aneurysm formation. These results indicate that an innate immune response to self-antigens activates the complement system and initiates the inflammatory cascade in AAA. Moreover, the study suggests that properdintargeting strategies may halt aneurysmal growth.
A bdominal aortic aneurysm (AAA) is among the top 20 leading causes of mortality in the United States. It accounts for ∼15,000 deaths/y. AAA is a complex disease associated with male sex, advanced age, hypertension, hypercholesterolemia, coronary artery disease, atherosclerosis, and cigarette smoking (1) (2) (3) . Presently, open surgical repair of large AAA (greater than 5.5 cm in diameter) is an effective option in preventing death from rupture. However, surgical treatment is associated with high postoperative mortality (up to 6%) (4) . Endovascular repair is associated with lower postoperative mortality, but it offers no significant difference in overall long-term survival rate and has a higher incidence of reintervention (5) (6) (7) (8) . Given the high complication rate and morbidities associated with surgical treatment, medical therapy designed to slow progression of AAA would be desirable. Although the causes of AAA are not completely understood, it is apparent that the immune system is a major contributor to pathogenesis. Therefore, a better understanding of the underlying immune-mediated pathways involved in AAA may identify new targets that could be manipulated pharmacologically or biologically to halt disease progression.
The complement system is a branch of immunity that can rapidly respond to foreign intruders or pathogens without prior sensitization or exposure. It plays a key role in the identification and removal of injured tissue and debris (9) , modulates the antibody repertoire (10) , and participates in the activation of T-cell populations (11) . Complement activation is mediated by the classical pathway (CP), which is commonly initiated by antigenantibody complexes, the lectin pathway (LP), which is initiated by LP-specific carbohydrate recognition complexes, and the alternative pathway (AP), which is constitutively active at low level because of continuous hydrolysis of the complement protein C3. The three pathways converge on a central enzyme, the C3 convertase. This enzyme complex activity generates opsonins that promote target clearance, leads to the assembly of the membrane attack complex, and releases anaphylatoxins (C3a and C5a) that activate and recruit inflammatory cells (9) .
We have shown that the complement system is a critical mediator of elastase-induced AAA (12) . Using mice deficient in factor B (fB; an essential component of the AP) and C4 (a component of both the LP and CP), we established that the AP plays a major role in AAA development, whereas the CP and LP seem dispensable. Unlike the CP and LP, which are initiated by specific target structures, the AP is continuously activated in the fluid phase and on cell surfaces. It is limited to safe steady-state levels through the action of fluid-phase and surface-bound regulatory proteins. Several AP-dependent diseases, including age-related macular degeneration and atypical hemolytic uremic syndrome (aHUS), have been shown to be, in part, the result of inadequate regulation because of genetic variants in the complement regulator genes (13) .
The AP C3 convertase is formed from three components: fB, a zymogen that carries the convertase catalytic site, C3b, which anchors the convertase to the target surface, and properdin, which stabilizes the complex by 5-to 10-fold (14) . More recently, evidence has emerged that properdin may act as an initiator of the AP, binding directly to target cell surfaces and providing a platform for the AP C3 convertase assembly (15, 16) . We previously obtained compelling histochemical evidence for the presence of properdin on the luminal surface of human AAA specimens (12) , and this finding led us to hypothesize that properdin may serve as a focal point for the initiation of the AP in AAA. Here, we show that properdin plays a critical role in the pathogenesis of elastaseinduced AAA, suggesting that properdin-targeting strategies merit additional investigation. We assessed the role of properdin in AAA as a stabilizer vs. initiator of AP convertase by using a mutant form of the fB protein that produces a stable properdin-free AP C3 convertase. Our findings indicate that the primary role of properdin in elastase-induced AAA is as a convertase stabilizer. However, we found that complement activation in AAA is dependent on the presence of natural antibodies, lending support to previous reports suggesting that recognition of self-antigen(s) by antibodies initiates the inflammatory cascade in AAA (17) .
Results
Complement AP Protein Properdin Is Required for Elastase-Induced AAA. To examine the role of properdin, we monitored AAA development in hemizygous properdin-deficient male mice (fP
). WT and fP −/o mice were transiently perfused with elastase on day 0. Immediately after elastase perfusion, there was mild aortic dilatation (∼70%), which did not differ between WT and fP −/o mice ( Fig. 1 A and B) . This aortic diameter (AD) remained relatively stable up to day 7, after which there was rapid and significant increase in AD in WT mice (12, 18) . AAA is typically defined on day 14 as an increase in AD of 100% or greater than the diameter measured before elastase perfusion (12, 18) . We have previously shown that fB −/− mice are largely resistant to the development of AAA (increase in AD of 105 ± 4%) (12) . We now find that the absence of properdin protected mice from elastase-induced AAA to the same extent as fB deficiency (increase in AD of 0.50 ± 0.02 mm or 100 ± 3% in fP −/o mice compared with increase in AD of 0.75 ± 0.02 mm or 151 ± 5% in WT animals, P < 0.001) ( Fig. 1 A and  B) . Histological analysis of day 14 aortas from fP −/o mice showed well-preserved elastic fibers (elastin degradation score of 2.01 ± 0.10 in fP −/o aortas compared with 3.15 ± 0.15 in WT aortas, P < 0.001) (Fig. 1C ) and smooth muscle cell (SMC) actin content (SMC actin score of 2.39 ± 0.19 in fP −/o aortas compared with 3.92 ± 0.08 in WT aortas, P < 0.001) (Fig. 1D ), whereas analysis of WT aortas revealed pronounced destruction of the elastic lamellae and complete depletion of SMC actin content. Taken together, these results confirm that properdin is required for the complement-mediated acute inflammatory response in elastase-induced AAA.
Systemic Properdin Is Sufficient for Complement-Mediated AAA Development. Properdin is in the plasma and also stored in neutrophil granules, where it is rapidly released during cell stimulation (15, 19) . To determine whether locally secreted properdin (derived from infiltrating neutrophils) can drive the AAA phenotype, we reconstituted fP −/o mice with purified bone marrow-derived neutrophils using a regimen that we had previously used to successfully restore AAA phenotype in the dipeptidyl peptidase I-deficient mice (18) . WT neutrophils (1e7) were injected i.v. into fP −/o mice on days 0 and 1 after elastase perfusion. We found that adoptive transfer of WT neutrophils induced small AAA in fP −/o mice by day 14 (AD = 0.63 ± 0.01, P < 0.01 compared with WT) (Fig. 2A) . However, transfer of WT serum (200 μL each on days 0 and 1) restored AAA to WT level in fP −/o mice (AD = 0.74 ± 0.01, P > 0.05 compared with WT) (Fig. 2B) . Administration of properdindeficient serum at equivalent dose did not restore the WT AAA phenotype in fP −/o mice (AD = 0.56 ± 0.02, P < 0.001 compared with WT). Restoration of the AAA phenotype in fP −/o mice was accompanied by fragmentation of the elastic fibers (Fig. 2C ) and depletion of SMC actin content (Fig. 2D) . These results provide strong evidence that, although neutrophils can deliver the properdin needed to drive the disease phenotype, a systemic source of properdin (i.e., serum properdin) is sufficient to facilitate local AP activation, complement-mediated aortic wall injury, and subsequent AAA formation.
Properdin Serves as a Stabilizer of AP C3 Convertase. Properdin has the potential to facilitate AP activity through two distinct roles: as convertase stabilizer and convertase initiator. To differentiate these two functions in the development of AAA, we turned to a human fB gain of function mutant, fB D254G (also known as fB D279G; the substituted amino acid is 254 in the plasma protein and 279 in the unprocessed polypeptide precursor) (20) . This single amino acid substitution is located at the Mg 2+ -dependent C3b binding site of the Bb subunit (21) and results in a stabilized properdin-free convertase, C3bBb (20, 22) . We reasoned that, if the essential role of properdin in AAA development is to stabilize the convertase, then the introduction of the stabilizing fB mutant protein into fP −/o animals would compensate for the properdin deficiency and pathology would be restored. If, however, the essential role of properdin is to initiate convertase assembly, then introduction of the stabilizing fB mutant protein in fP −/o animals would fail to compensate for properdin deficiency and AAA would not be restored.
In a separate study, transgenic mice were generated that express the D279G-equivalent mouse fB mutant protein, D276G. As expected from the properties of the human fB D279G mutant protein (20, 22) , the murine fB D276G mutant protein forms a much more stable AP C3 convertase than fB WT, which results in a substantial consumption of C3 in the plasma of these transgenic mice. For this investigation, we purified WT and mutant factor B proteins from plasma derived from the transgenic mice and their WT controls by affinity chromatography using an anti-mouse fB monoclonal antibody. Of note, the transgenic mice express both the mutant and WT fB proteins. Because the purification method does not resolve the two forms, the D276G preparation is actually a mixture of both WT and D276G fB proteins (Fig. S1 ). We found that i.v. treatment of WT mice with the D276G mutant fB protein preparation (but not the fB from WT control mice) promoted C3 turnover ( Fig. 3 A and B), consistent with the subnormal C3 levels observed in the plasma of D276G mutant fB transgenic mice and aHUS patients heterozygous for the factor B D279G mutation (23) . Next, we reconstituted fB −/− mice with different doses of D276G mutant protein preparation and determined that 20 μg D276G preparation were sufficient to restore AAA phenotype in these mice (AD = 0.82 ± 0.07, P < 0.001 compared with fB −/− mice) ( Fig.  3C ) along with fragmentation of elastic fibers and SMC depletion (Fig. 3D ). An equivalent dose (20 μg) of purified WT fB protein also restored aneurysm formation in fB −/− mice, albeit to a smaller extent (AD = 0.62 ± 0.02, P < 0.05 compared with fB −/− mice) (Fig. 3C) . Finally, we administered WT and D276G mutant fB proteins to fP −/o mice. We found that 20 μg D276G mutant fB preparation fully restored AAA phenotype in fP −/o mice, whereas the same amount of WT fB protein failed to do so (AD = 0.75 ± 0.02 in mice injected with D276G mutant fB compared with AD = 0.53 ± 0.01 in mice injected with WT fB, P < 0.001) (Fig.  3E ). D276G mutant fB-induced AAA was accompanied by degeneration of the elastic lamellae and SMC depletion (Fig. 3F) . Taken together, these results suggest that the essential function of properdin in elastase-induced AAA is to serve as a stabilizer of the AP C3 convertase. Consistent with these results, we also found that the presence of C3 (and the AP C3 convertase) is required for the local binding of properdin (to the aortic wall), because the absence of C3 completely abolished properdin staining in elastase-perfused aortic wall (Fig. 3G ).
Complement Activation in AAA Is Initiated by Antibodies. Evidence above shows that activation of the AP is an essential component of the pathophysiology of AAA. It seems, however, that it is not properdin that initiates and directs AP activation by binding to the target tissue, and it, therefore, remains to be clarified what targets initiate AP activation in the pathophysiology of AAA. Because previous in vitro and in vivo work has clearly shown that the AP can be activated on antibody-sensitized targets and by circulating immune complexes (24-26), we investigated the possible involvement of antibody in AAA. In a first approach, we examined aortas obtained from WT mice 30 min after elastase perfusion. We found abundant IgG, but not IgM, deposition in the aortic wall of elastase-perfused animals (Fig. 4A) . Next, we induced disease in a cohort of mice deficient in B cells (μMT mice) and hence, deficient in all Igs (27) . We found that the absence of Igs abrogated C3 deposition in elastase-perfused aortic wall (Fig. 4A ) and protected μMT mice from AAA development (AD = 0.51 ± 0.01, P < 0.001 compared with WT) (Fig. 4B ). In contrast, we observed that IgG deposition in elastase-perfused C3
−/− and fP
aortas proceeded normally, suggesting that antibody binding to aortic wall is independent of complement activation (Fig. 4C) . Next, we asked whether reconstitution with mouse natural antibodies purified from pooled sera of WT mice would restore susceptibility to AAA in μMT mice. We found that reconstitution with pooled mouse IgM to WT level (Fig. 4D ) did not significantly increase the susceptibility of μMT mice to aneurysm formation (AD = 0.59 ± 0.02 in IgM-reconstituted μMT mice, P > 0.05 compared with untreated μMT mice). In contrast, reconstitution with pooled mouse IgG to the WT level rendered μMT mice susceptible to AAA formation (AD = 0.69 ± 0.05, P < 0.01 compared with untreated μMT mice and P > 0.05 compared with WT) (Fig. 4B) . Histology confirmed that the AAA phenotype in IgG-reconstituted mice was accompanied by elastic fiber fragmentation and SMC depletion (Fig. 4E ). These results suggest that natural IgG antibodies recognize an exposed antigen in the elastase-perfused aortic wall and their presence supports C3 convertase assembly and function.
Blockade of Properdin Activity Protects Against AAA Development.
We have previously presented evidence that complement activation occurs in human AAA (12) . Whether complement activation in human AAA is a cause or consequence of aortic wall tissue injury and damage requires additional studies. The demonstration that anticomplement therapy will halt the progression of AAA in an animal model would help to justify pursuing complementtargeting strategies in humans. To this end, we administered a rabbit anti-mouse properdin antibody that has previously been shown to block properdin activity in vivo (28) . Treatment with properdin-blocking antibody prevented the development of AAA to a large extent (AD = 0.56 ± 0.02, P < 0.001 compared with WT) (Fig. 5A ). This protection was reflected in relatively well-preserved elastic fibers [elastin degradation score of 2.42 ± 0.16 in WT mice treated with properdin-blocking antibody compared with 3.03 ± 0.14 in WT mice treated with nonimmune rabbit IgG (P < 0.05) and 3.15 ± 0.15 in untreated WT mice (P < 0.001)] and intact SMC actin content [loss of SMC actin score of 2.46 ± 0.26 in WT mice treated with properdin-blocking antibody compared with 3.54 ± 0.13 in WT mice treated with nonimmune rabbit IgG (P < 0.001) and 3.92 ± 0.08 in untreated WT mice (P < 0.001)] (Fig. 5B) . In contrast, mice that received nonimmune rabbit IgG remained fully susceptible to AAA development (AD = 0.77 ± 0.03, P > 0.05 compared with WT) (Fig. 5A) . These results suggest that blockade of properdin activity protects against complementmediated injury after elastase perfusion.
Discussion
AAA is a multifactorial disease with genetic and environmental influences and immune-mediated features involving the innate and adaptive immune responses in the initiation and propagation of the inflammatory process (17) . Using an established elastaseinduced model of AAA in mice that recapitulates several of the most important features of human AAA (29), we previously showed that neutrophil recruitment and the development of disease in an elastase-induced AAA model system is critically dependent on the complement system AP (12) . Moreover, we found that disease phenotype is mediated by the anaphylatoxins C3a and C5a, although unlike other complement-dependent inflammatory disease models in mouse, C5a was not obligatory (12) . Here, we show that properdin, a major component of the complement AP, is critical for elastase-induced AAA, and we provide strong evidence that complement initiation requires the presence of antibodies. The AP convertases are assembled on target surfaces where they direct opsonization, cell lysis, and generation of C3a and C5a. Properdin, a component of the AP C3 and C5 convertases, has long been known to stabilize these otherwise short-lived complexes. Recently, evidence has accumulated that properdin can bind certain cellular and microbial surfaces and provide a platform for convertase assembly and function (16) . This study was undertaken to determine whether a properdin-dependent target recognition mechanism might be involved in the initiation of complement activation in AAA. Using both properdin-deficient animals and function-blocking antiproperdin antibody, we established that properdin is required for elastase-induced AAA. We showed that, although local neutrophil-derived properdin can promote aneurysm formation to some extent, plasma-derived properdin alone was completely sufficient to promote disease development. Next, we used the mouse factor B D276G reagent, which confers convertase stability in the absence of properdin, to obtain strong evidence that the properdin activity essential to disease phenotype is convertase stabilization and not convertase initiation. Finally, we showed that disease phenotype is dependent on natural IgG antibody. In the absence of IgG (as in μMT mice), we saw no C3 deposition in elastase-perfused aortic wall, thus essentially ruling out an activation mechanism initiated by properdin binding directly to target tissues. This observation, coupled with the previous finding that C4-deficient animals are susceptible to AAA formation (12) , indicates that CP activity is not required for AP activation in this case. We conclude that, in elastase-induced AAA, exposed/damaged aortic tissue is first recognized by IgG, and the resulting tissueantibody complexes likely provide a protected site for direct AP activation (Fig. 5C ) (24) . Previously, we showed the presence of the AP proteins factor B and properdin as well as the CP/LP protein C4 in human AAA tissue samples. Recently, Hinterseher et al. (30) conducted a genome-wide microarray expression profile of human AAA tissue samples vs. normal tissue and found increased expression of the genes encoding the CP/LP protein C2 and the CP protein C1 (C1qA and C1qC) as well as the anaphylatoxin receptors C3aR and C5aR (30) . Moreover, the work by Hinterseher et al. (30) also showed increased C2 in the disease tissue. Although our results in the elastase-induced AAA model indicate that AP activity may be the only activation pathway essential for the disease phenotype (12) , it remains possible that the LP can still play a role in AAA development. A C2-dependent C4-bypass LP was recently described (31) , and the contribution of this pathway to AAA formation in this model is currently being evaluated. Alternatively, the prominent contribution of the AP in our model system may be explained by the fact that we focused on the early initiating events of aneurysm development, whereas the human tissue samples were obtained at late-stage disease. In contrast to our results, the study by Hinterseher et al. (30) did not detect the presence of factor B in the AAA tissue samples (30, 32) . This discrepancy could possibly result from the different detection antibodies used. Our polyclonal anti-fB antibody would bind to free factor B, the Bb fragment, and the C3bBbP complex.
The AP mediates numerous diseases and injury states (13) . Age-related macular degeneration, aHUS, and dense deposit disease (membranoproliferative glomerulonephritis type II) are caused by dysregulation of the AP and associated with alleles that encode impaired forms of the AP regulator proteins factor H, factor I, and CD46 or gain of function forms of the AP convertase components fB and C3 (13) . This finding does not seem to be the major cause of AAA, because in the works by both Hinterseher et al. (30) and Bradley et al. (32) , consistent associations between AAA disease and AP genetic polymorphisms were not found (30, 32) . Instead, we found that antibody binding to the injured aortic wall (in this case, damaged by elastase perfusion) leads to complement activation, thereby initiating the inflammatory cascade that eventually culminates in AAA formation. Indeed, studies of human AAA tissues suggest that an immune response to autologous components of the aortic wall triggers the inflammatory process in this disease, which was evidenced by large amounts of Igs and B lymphocytes in AAA tissues in germinal center-like microstructures (33) One of these proteins, termed AAA protein, shares sequence homology with vitronectin and fibrinogen (34, 35) . Moreover, antibodies against vitronectin and fibrinogen react with adventitial matrix proteins in the abdominal aorta (35) . Whether this dysregulated immune response against autologous aortic wall proteins is a cause or consequence of the inflammatory process in human AAA remains undefined. However, our results herein suggest a causative role for Igs in elastase-induced AAA. In fact, low levels of natural antibodies against phosphorylcholine, a constituent of oxidized forms of LDL, have been hypothesized as a potential pathogenic mechanism in atherosclerotic disease (36) . Antibody also plays a critical role in several other APdependent disease models in the mouse, including the K/BxN serum transfer model of arthritis (26) .
The AP is continuously activated because of the low-level spontaneous hydrolysis of C3, resulting in the generation of C3 fragments in the fluid phase and on self-tissue that are rapidly inactivated by endogenous complement regulatory proteins. Antibody:antigen reactions can direct AP activity independently of the CP or LP (the antibody-dependent AP) (24) (25) (26) . In particular, antibodies bound to self-tissue can provide sites for C3 deposition that are protected from the inhibitory activities of the complement regulators and thus, confer AP-activating capacity. Although natural antibodies are usually of the IgM isotype, in some cases, normal mouse IgG has also been shown to possess polyreactive autoantibody function (37) . Indeed, we found a high density of IgG binding to autologous antigens exposed by elastase perfusion in the aortic wall tissues. This finding is consistent with a previous observation that IgG can activate the AP, whereas IgM preferentially activates the CP (38) . From these results, we propose that, in the AAA mouse model, elastase treatment unmasks hidden epitopes (neoepitopes) that are recognized by natural IgG antibodies and the resulting surfacebound antibodies provide protected sites for the assembly and activation of properdin-stabilized AP C3 convertase, with the ensuing release of anaphylatoxins C3a and C5a. These anaphylatoxins activate and recruit neutrophils and other leukocytes to the site of injury, where they initiate an inflammatory cascade that causes profound aortic wall structural damage and aneurysm formation (Fig. 5C ). It should be noted that previous studies indicate that mouse CP C5 convertase is relatively ineffective compared with the human enzyme (39) . Because of this issue, mouse models that are dependent only on C5a for pathogenesis may overvalue the role of the AP compared with the corresponding human disease. However, because we have shown in this mouse model that either C3a or C5a can drive aneurysm development (12) , an active C3 convertase from either activation pathway would be sufficient. Taken together, these observations strengthen the applicability of the findings in this mouse model of AAA to the human condition.
In summary, we have shown that properdin plays a critical role in AAA development and that properdin-targeting strategies may halt aneurysmal growth and expansion. Strategies designed for the clinical inhibition of the complement AP have largely overlooked properdin as a therapeutic target, likely because properdin is not absolutely required for the in vitro assembly and function of the AP convertases. Until recently, the significance of properdin in vivo was revealed only by the extreme vulnerability of properdin-deficient individuals to meningococcal disease (40, 41) . The advent of properdin-deficient animals has provided new tools for the assessment of properdin function and the possibilities of properdin-based anticomplement therapy in AP-dependent diseases. The work by Kimura et al. (28) has shown the importance of properdin activity for the K/BxN model of arthritis, and here, we show that properdin antagonism also prevented AAA formation. Properdin is a potentially attractive therapeutic target given that it is unique to the AP and present at a relatively low concentration in the plasma (42) . In addition, its stoichiometric mode of action may make properdin amenable to inhibition. Lastly, identification of more proximal molecular events in the pathogenesis of AAA, such as the detection of pathogenic autoantibodies and autologous antigens, merits additional investigation, because this identification will potentially yield novel therapeutic approaches for this common disorder. As with many immune diseases, the specific self-antigen(s) recognized by natural antibody in elastaseinduced AAA is unknown. The search for this self-antigen(s) is ongoing in our laboratory. Elastase Perfusion Model of AAA. AAA was induced in 8-to 12-wk-old male mice as previously described (12, 18) . Briefly, mice were anesthetized with 55-60 mg/kg i.p. sodium pentobarbital. A laparotomy was performed under sterile conditions. The abdominal aorta was isolated, and the preperfused AD was measured with a calibrated ocular grid. Temporary 7-0 silk ligatures were placed around the proximal and distal aorta to interrupt proximal flow. An aortotomy was created at the inferior ligature using the tip of a 30-gauge needle, and the aortic lumen was perfused for 5 min at 100 mm Hg with a solution containing 0.145 U/mL type 1 porcine pancreatic elastase (Sigma). After removal of the catheter, the aortotomy was repaired without constriction of the lumen to restore the flow. At day 14, a second laparotomy was performed, and the perfused segment of the abdominal aorta was reexposed and measured in situ before euthanasia and tissue procurement. AD was assessed on day 14 unless otherwise indicated. In some experiments, mice were injected i.v. with 1e7 purified bone marrow-derived neutrophils (18) , 200 μL pooled sera (12), or indicated dose of WT or D276G mutant fB in 200 μL PBS at the indicated times. For properdin activity blockade, WT mice were injected i.p. with 1 mg polyclonal rabbit anti-mouse properdin (28) in 1 mL PBS at the indicated times; purified rabbit IgG (Jackson ImmunoResearch Laboratories) served as a negative control. For Ig reconstitution, B cell-deficient mice were injected i.p. with 5 mg pooled mouse IgG (Jackson ImmunoResearch Laboratories) or 1 mg pooled mouse IgM (Rockland Immunochemicals) in 1 mL PBS immediately after elastase perfusion.
Immunohistochemistry. Immunohistochemistry was performed as previously described (12) . Briefly, mouse abdominal aorta was dissected, snap-frozen in optimal cutting temperature (OCT) compound, and sectioned at 5 mm. Elastin was stained with Verhoeff-van Gieson using an Accustain Elastic Stain Kit (Sigma). Elastin degradation was graded on a scale of one to four: 1, less than 25% degradation; 2, 25-50% degradation; 3, 50-75% degradation; 4, greater than 75% degradation. SMC content was evaluated using an alkaline phosphatase-conjugated antibody to α-smooth muscle actin (1:200 dilution; Sigma). Color was visualized using an alkaline phosphatase substrate kit (Vector Laboratories). SMC actin content was graded on a scale of one to four: 1, less than 25% loss; 2, 25-50% loss; 3, 50-75% loss; 4, greater than 75% loss. Histological grading was performed on six to nine serial cross-sections per aorta and five aortas per genotype/treatment type by a blinded observer.
Immunofluorescence. Frozen cross-sections of aortic tissues (5 μm) were fixed in methanol, blocked in 3% (wt/vol) dry milk in PBS, and incubated with rabbit anti-mouse properdin antibody (2μg/mL final concentration) (28) or goat anti-mouse C3 (1:5,000 dilution; MP Biomedicals) for 1 h at room temperature, washed, and then incubated with the appropriate rhodamineconjugated secondary antibody (Jackson ImmunoResearch Laboratories). Some sections were stained with rhodamine-conjugated goat anti-mouse IgM or IgG (1:200 dilution) (Jackson ImmunoResearch Laboratories). All images were visualized on a Nikon Eclipse microscope and acquired with QCapture software.
Purification of Murine fB. Fresh EDTA plasma was collected from normal FVB and FVB transgenic mice that express the D276G fB mutant protein. An antihuman/mouse fB monoclonal antibody (SIM307.28.4.2; in house) was coupled to a cyanogen bromide-activated Sepharose 4B column following the manufacturer's instructions (GE Healthcare). Mouse plasma was applied, and bound fB was eluted with 0.1 M glycine/HCl, pH 2.5, and immediately neutralized with 2 M Tris, pH 8.6. Aggregated materials and minor contaminants were removed by gel filtration on Superdex 200. Purity of the proteins was verified by SDS/PAGE (Fig. S1 ).
Western Blot Analysis. Serum samples (15 μL 1:100 dilution) were fractionated by SDS/PAGE under reducing conditions and blotted with (i) goat antimouse C3 antibody (MP Biomedicals) followed by incubation with HRPconjugated donkey anti-goat IgG (Jackson ImmunoResearch Laboratories); (ii) HRP-conjugated goat anti-mouse IgG (Jackson ImmunoResearch Laboratories); or (iii) goat anti-mouse IgM (μ-chain-specific; Jackson ImmunoResearch Laboratories) followed by incubation with HRP-conjugated donkey anti-goat IgG. Bands were visualized using a SuperSignal Western Blotting Kit (Pierce).
Statistics.
Comparisons between groups were made by one-way ANOVA followed by Bonferroni's posttest to compare all groups of data. Data are presented as the mean ± SEM. P values less than 0.05 were considered significant.
